Objectives: To assess antibiotic susceptibility of community-acquired respiratory tract isolates from Ivory Coast, Kenya, Democratic Republic of Congo (DRC) and Senegal in 2011 -14.
Introduction
In Africa, acute respiratory infections are the cause of death in 16% of children under 5 years old. 1 Despite this significant health problem, few studies report updates on antimicrobial susceptibility of respiratory pathogens in this continent and the studies to date are often from large-scale global surveillance programmes that present combined data for the entire continent rather than individual countries. 2, 3 Local antimicrobial surveillance data in individual African countries are very limited, 4 with most of the data coming from South Africa. 5 However, recent reviews of studies of antimicrobial susceptibility in Africa have shown that resistance patterns vary within Africa 5, 6 and results from one country should not be assumed to apply to another. This makes surveillance at the country and local level very valuable for guiding empirical therapy, especially in sub-Saharan Africa, where healthcare providers and patients must often rely on affordable first-line antibiotics that may have lost their clinical effectiveness. 2 Knowledge of resistance patterns is especially important for community-acquired pneumonia (CAP), since it is usually treated empirically without identification of the causative agent or its antibiogram.
The Survey of Antibiotic Resistance (SOAR) is an ongoing surveillance study of key respiratory pathogens. SOAR has Clinical isolates (from outpatients who attended the university/national hospitals)
During 2011 -14, a total of 277 clinical respiratory isolates, comprising 231 isolates of Streptococcus pneumoniae (23 from the Democratic Republic of Congo, 110 from the Ivory Coast, 84 from Kenya and 14 from Senegal) and 46 isolates of Haemophilus influenzae were analysed (23 from the Democratic Republic of Congo and 23 from Senegal). Paediatric patients (≤12 years old) accounted for 93 (33.6%) isolates, adult patients (13 -64 years old) accounted for 170 (61.4%) isolates and the elderly (≥65 years) accounted for 14 (5.1%) isolates. Isolates originated from a variety of infection sources, including blood, tracheal aspirate, bronchoalveolar lavage, middle ear effusion, pleural aspirate and sputum. Organisms were identified using conventional methods (optochin susceptibility/bile solubility for S. pneumoniae and X and V factor requirement for H. influenzae). Duplicate isolates from the same patient were excluded from analysis.
Susceptibility testing
MICs were determined in selected local laboratories using the gradient strip Etest w susceptibility method according to the manufacturer's instructions (bioMé rieux, Marcy l'É toile, France). b-Lactamase production was determined by a chromogenic cephalosporin (nitrocefin) disc method. Disc diffusion susceptibility testing was carried out according to CLSI methodology. 7 Study drugs for S. pneumoniae evaluated by Etest w varied by country and included penicillin, amoxicillin, amoxicillin/clavulanic acid, azithromycin, cefaclor, ceftriaxone, cefuroxime, chloramphenicol, clarithromycin, clindamycin, erythromycin (only in Kenya by Etest w ), levofloxacin, moxifloxacin, ofloxacin, tetracycline and trimethoprim/sulfamethoxazole. Study drugs for H. influenzae evaluated by Etest w included amoxicillin/ clavulanic acid, ampicillin, azithromycin, cefaclor, cefixime, cefuroxime, ciprofloxacin, clarithromycin, levofloxacin, ofloxacin and trimethoprim/ sulfamethoxazole. Erythromycin was also evaluated by disc diffusion. Susceptibility to the study drugs was calculated based on CLSI breakpoints, 8 except for macrolides and clindamycin, where Etest w breakpoints for incubation in CO 2 were used. In addition, susceptibility based on the EUCAST and pharmacokinetic/pharmacodynamic (PK/PD) breakpoints was analysed where applicable to assess whether adoption of these breakpoints would affect rates of susceptibility. 9, 10 EUCAST and PK/PD breakpoints were not evaluated for macrolides (except erythromycin for EUCAST) or clindamycin because, unlike CLSI, these are not adjusted for incubation in CO 2 by bioMérieux. Breakpoints are shown in Table 1 .
Quality control and data analysis
Quality control strains Staphylococcus aureus ATCC 29213, S. pneumoniae ATCC 49619, H. influenzae ATCC 49247, H. influenzae ATCC 49766, Escherichia coli ATCC 25922 and E. coli ATCC 32518 were included on each day of testing. Results of susceptibility testing were accepted if the results of the control strains were within published limits. Differences in susceptibility between age groups and countries were assessed for statistical significance with Fisher's exact test using XLSTAT version 2011.1.05. A P value ,0.05 was considered statistically significant.
Results

S. pneumoniae
Of the 231 S. pneumoniae isolates collected in the four African countries, 85 were from sputum (36.8%), 62 from blood (26.8%), 42 from ear effusion (18.2%), 25 from tracheal aspirate or bronchoalveolar lavage (10.8%) and 17 from pleural aspirate (7.4%). Paediatric patients (≤12 years old) contributed 82 (35.5%) isolates, adults (13 -64 years old) 139 isolates (60.2%) and the elderly (≥65 years) 10 isolates (4.3%).
Summary MIC and susceptibility data for S. pneumoniae are shown in Table 2 . MIC distribution data are given in Table 3 . By CLSI penicillin iv (non-meningitis) breakpoints, .95% of S. pneumoniae were penicillin susceptible in all countries, except Democratic Republic of Congo (69.6%), whereas based on CLSI penicillin oral and EUCAST breakpoints, the proportion of penicillinsusceptible isolates was 85.7% in Senegal (albeit with small sample size of 14 isolates), 70% in Ivory Coast, 19% in Kenya and 17.4% in Democratic Republic of Congo ( Table 2) .
The most consistent in vitro activity in the region was shown by levofloxacin, with .98% of pneumococcal isolates showing susceptibility by all three breakpoints in all four countries. Similarly, 100% of isolates were susceptible to amoxicillin/clavulanic acid (and by inference of amoxicillin alone) by both CLSI and PK/PD breakpoints in Ivory Coast and Senegal, and .95% susceptible by these breakpoints in Kenya. Cefuroxime was very active against isolates from the Ivory Coast and Senegal with .90% susceptibility using all three breakpoints. However, isolates from the Democratic Republic of Congo and Kenya showed ,80% susceptibility by CLSI and PK/PD breakpoints and 30.4% and 54.8%, respectively, using the EUCAST breakpoint. Macrolides were active against .95% of S. pneumoniae in Ivory Coast and Senegal, 87% in Democratic Republic of Congo, but only 64.1% in Kenya, based on erythromycin susceptibility using CLSI breakpoints. Using all three breakpoints, trimethoprim/sulfamethoxazole activity was low in Democratic Republic of Congo (73.9% -78.3%), Ivory Coast (50% -54.6%) and Senegal (14.3% -21.4%), as was tetracycline activity in Kenya (,50%).
Cefaclor and ofloxacin demonstrated significant variation in percentage susceptibility when different breakpoints were applied. Cefaclor was active against 60% of isolates from the Ivory Coast and 78.6% from Senegal using CLSI breakpoints, whereas the PK/PD breakpoint resulted in 17.3% and 42.9% susceptibility, respectively, and EUCAST breakpoints showed nonsusceptibility in both countries. Percentage susceptibility values for ofloxacin using CLSI breakpoints were .85% in Democratic Republic of Congo, Ivory Coast and Senegal, but only 43.5%, 1.8% and 0%, respectively, using EUCAST breakpoints. Figure 1 shows the direct comparison between countries of percentage antimicrobial susceptibility (based on CLSI breakpoints) tested by at least two countries collecting a minimum of 20 isolates. Isolates recovered from patients in the Ivory Coast Kacou-Ndouba et al.
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showed significantly higher susceptibility to cefuroxime and penicillin than both Kenya and Democratic Republic of Congo. Susceptibility to trimethoprim/sulfamethoxazole was lowest (14.3%) in Senegal but was 50% in Ivory Coast and 73.9% in Democratic Republic of Congo. Antimicrobial susceptibility was generally lower in Kenya than in the two other countries, with significantly lower susceptibility to azithromycin (65.6%) compared with Democratic Republic of Congo and to cefuroxime and erythromycin compared with Ivory Coast.
CLSI guidelines indicate that isolates susceptible to penicillin G (MIC ≤0.06 mg/L) can be reported as susceptible to amoxicillin/ clavulanic acid, ceftriaxone, cefaclor and cefuroxime. Data from this study (all isolates combined) confirmed this, in that all penicillin-susceptible S. pneumoniae were also susceptible to the b-lactam antibiotics listed above apart from 24 out of 114 penicillin-susceptible isolates (21.1%) that were non-susceptible to cefaclor. However, the reverse was not always found. All 206 penicillin-non-susceptible isolates were amoxicillin/clavulanic acid susceptible and all but one was ceftriaxone susceptible. For cefuroxime, 74.2% of penicillin-non-susceptible isolates were susceptible. However, only 14.5% of penicillin-non-susceptible S. pneumoniae were cefaclor susceptible (27.7%). A similar 'expert rule' is provided by EUCAST but for penicillins only, i.e. amoxicillin/ clavulanic acid (amoxicillin). However, unlike CLSI, individual breakpoints are not provided by EUCAST for amoxicillin/clavulanate to make this comparison.
Prevalence of antibiotic susceptibility among PSSP, PISP and PRSP isolates (based on CLSI penicillin oral breakpoints)
Combining all isolates from the four African countries, susceptibility was compared among penicillin-susceptible S. pneumoniae (PSSP), penicillin-intermediate S. pneumoniae (PISP) and penicillinresistant S. pneumoniae (PRSP) isolates for those agents where at least 20 isolates were tested in at least two penicillin susceptibility subsets (Figure 2 ). PSSP isolates were 100% susceptible to amoxicillin/clavulanic acid, cefuroxime and levofloxacin and .90% were susceptible to clarithromycin, ofloxacin and erythromycin. The activities of cefaclor and trimethoprim/sulfamethoxazole were lower, at 72% and 51%, respectively. Among the PISP isolates, .95% were susceptible to amoxicillin/clavulanic acid, clarithromycin, levofloxacin and erythromycin. Susceptibility to all other agents was ,80%, except to ofloxacin (85% susceptible). Sample sizes for PRSP isolates were small for most agents, resulting in susceptibility estimates with wide confidence intervals. Levofloxacin (95% susceptible) and amoxicillin/clavulanic acid (86%) were the two most active agents against these isolates, with all other agents showing susceptibility rates of ,70%.
Age group analysis
Differences in the susceptibility of S. pneumoniae from adult and paediatric patients were investigated for isolates from the Ivory Coast and Kenya (sample sizes ≥20). For Ivory Coast isolates, a statistically significant difference was found only for ofloxacin, with paediatric isolates almost 20 percentage points less susceptible than isolates from adults ( Figure 3 ). In Kenya no significant differences between adult and paediatric patients were found for any of the tested antimicrobials (data not shown).
H. influenzae
Isolates of H. influenzae were only collected from the Democratic Republic of Congo and Senegal. The isolates from these countries comprised 11 from paediatric patients (24%), 31 from adult patients (67%) and 4 from elderly patients (9%). Of the 23 H. influenzae isolates from Democratic Republic of Congo, 22 (96%) came from middle ear effusion and one from pleural fluid. The Senegal isolates came from sputum (14/23, 61%), tracheal aspirate (7/23, 30%) and middle ear effusion (2/23, 9%).
In Democratic Republic of Congo, 9 of 23 isolates were b-lactamase-positive (39.1%), whereas in Senegal it was only 1 of 23 (4.3%). Of the 14 b-lactamase-negative isolates in Democratic Republic of Congo, 4 isolates (17.4% of all H. influenzae) were b-lactamase negative, ampicillin resistant by CLSI definition (BLNAR, ampicillin MIC ≥4 mg/L), whereas in Senegal no such isolates were found. Using the EUCAST BLNAR definition 
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(MIC ≥2 mg/L), the number of isolates from the Democratic Republic of Congo remained at four (17.4%) and two isolates (10.0%) were found in Senegal. For analysis, the BLNAR strains from Democratic Republic of Congo were included with the other b-lactamase-negative isolates. Summary MIC and susceptibility data for H. influenzae are shown in Table 4 . MIC distribution data are given in Table 5 . In the Democratic Republic of Congo, amoxicillin/clavulanic acid in vitro susceptibility was 73.9% for H. influenzae by CLSI and high-dose PK/PD breakpoints, but slightly lower, at 69.6%, using low-dose PK/PD and EUCAST criteria. However, all BLNAR strains (four by CLSI or EUCAST) under clinical conditions should be considered non-susceptible to amoxicillin/clavulanic acid, cefaclor and cefuroxime, irrespective of the MIC. With this correction, clinical susceptibility to amoxicillin/clavulanic acid was reduced to 65.2% by CLSI and to 60.9% by EUCAST. In Senegal, .90% of isolates were susceptible to amoxicillin/clavulanic acid irrespective of the breakpoint used. Ciprofloxacin, levofloxacin, ofloxacin and clarithromycin also showed high activity in this country, with susceptibility rates of .90% by all breakpoints. In contrast, in Democratic Republic of Congo, cefuroxime, cefaclor and clarithromycin showed .95% susceptibility, whereas ampicillin and trimethoprim/sulfamethoxazole showed susceptibility of ,70% based on CLSI breakpoints. In both countries, the proportion of isolates susceptible to cefuroxime and cefixime varied markedly depending on the breakpoints used, due to the differences between CLSI, EUCASTand PK/PD for these antibiotics. Cefuroxime in vitro activity was .95% in both countries by the CLSI breakpoint but dropped to 78.3% and 26.1% by PK/PD and EUCAST breakpoints, respectively, in Democratic Republic of Congo and to 82.6% and 0%, respectively, in Senegal. Cefixime was active against 82.6% of isolates based on CLSI and PK/PD breakpoints in Democratic Republic of Congo but susceptibility dropped to 30.4% based on EUCAST breakpoints. In Senegal, 100% of isolates were susceptible to cefixime and 87% to cefaclor based on CLSI breakpoints. Based on EUCAST breakpoints, percentage susceptibility to cefixime was 91.3% and to cefaclor by PK/PD was 0%. Ampicillin activity was 69.6% by CLSI and EUCAST breakpoints in Democratic Republic of Congo and 91.3% in Senegal. Trimethoprim/sulfamethoxazole showed the lowest activity, with 60.9% susceptible across all breakpoints in Democratic Republic of Congo and only 8.7% in Senegal.
Discussion
There is a paucity of antimicrobial surveillance data for Africa in peer-reviewed journals, especially in the central region, with the limited available data showing marked variation between different geographical regions within Africa as well as an increasing trend in resistance over time. 5, 6 These findings underscore the importance of monitoring susceptibility trends at the country or local level, and incorporating the most recent susceptibility patterns into empirical therapy decisions. This study provides country-specific antimicrobial surveillance data for several countries across West, Central and East Africa for the period 2011-14. Sample sizes were generally limited, especially for isolates from Senegal, but it has recently been highlighted that increased surveillance is important in Africa even if only small size samples are available. 6 Previous data from SOAR for Africa in 2007 -09 showed variable penicillin susceptibility in S. pneumoniae from Nigeria Table 4 . Kacou-Ndouba et al.
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(26.6%), Kenya (33.3%), Senegal (66%) and the Ivory Coast (89%). 11, 12 Very similar data for penicillin susceptibility were observed in 2004 -06 for the Ivory Coast and Senegal (data were not reported for Nigeria and Kenya). 13 The current study has seen penicillin susceptibility reduced in the Ivory Coast (to 70%) and reduced even further in Kenya (19%). The current level of penicillin susceptibility in Senegal would appear to have increased in 2011 -14 compared with earlier time periods, but this may simply be an artefact due to the small sample size in the current study. In SOAR 2004-06 and 2007-09, macrolide susceptibility was high, at ≥85%, in all African countries. 11 -13 This was also true for the current time period, 2011-14, with the exception of Kenya, where 64.1% erythromycin and 65.6% azithromycin susceptibility was observed. In the current study b-lactamase prevalence in H. influenzae from Senegal was low (4%) but the previous SOAR report in 2007-09 indicated higher levels, at 27%. 12 As mentioned above, this may relate to the small sample size.
Several antimicrobial agents were found to have strong activity against respiratory pathogens across most of the African countries included in this study. Using CLSI breakpoints, both organisms in this study showed .90% susceptibility to amoxicillin/ clavulanic acid, except for H. influenzae in Democratic Republic of Congo (73.9% susceptible based on CLSI breakpoints). Cefuroxime demonstrated strong activity against both species, except S. pneumoniae in Democratic Republic of Congo and Kenya. Both species generally demonstrated susceptibility to macrolides ( 83% or higher), except for S. pneumoniae in Kenya, where all tested macrolides showed susceptibility ,70%. In contrast to these generally very active antimicrobials, several agents that are widely used in Africa showed high resistance rates. Susceptibility to trimethoprim/sulfamethoxazole did not exceed 75% in any country against either species, with susceptibility as low as 14.3% and 8.7% for S. pneumoniae and H. influenzae, respectively, in Senegal (albeit with small sample sizes). Similarly, chloramphenicol showed low activity in Kenya (the only country where the agent was tested) against S. pneumoniae (68.7% susceptible). S. pneumoniae penicillin susceptibility was only 17.4% in Democratic Republic of Congo, 19% in Kenya, 70% in Ivory Coast and 85.7% in Senegal based on CLSI penicillin oral breakpoints. These results are especially important because PISP and PRSP isolates were usually multiply resistant.
The data from this study confirm that isolates of S. pneumoniae susceptible to penicillin G are also susceptible to other penicillins as inferred by CLSI and EUCAST guidelines and cephalosporins as inferred by CLSI guidelines. Interestingly, the data from this study found the reverse was not always true using CLSI breakpoints; i.e. all penicillin-non-susceptible S. pneumoniae were susceptible to amoxicillin/clavulanic acid (amoxicillin) and most were also susceptible to ceftriaxone. Therefore, either the amoxicillin/clavulanic acid or ceftriaxone breakpoints are not correct or the CLSI cross-resistance statement within the b-lactam class is not correct. This warrants further investigation.
Comparing our results with findings in the literature is limited not only because of paucity of data from Africa, but also because different studies have reported data from different countries. For example, two reports using data from the Tigecycline Evaluation and Surveillance Trial (T.E.S.T) included mainly North African countries and South Africa. 3, 4 Comparing the current study with studies that focused exclusively or predominantly on sub-Saharan Africa, we saw several similar patterns. S. pneumoniae and H. influenzae have been shown to have low susceptibility to trimethoprim/sulfamethoxazole, either in all African regions or in West Africa, with resistance increasing for both organisms. 5, 6 Trimethoprim/sulfamethoxazole is commonly used in Africa for a broad range of bacterial infections as well as for routine prophylaxis in HIV patients, yet current susceptibility levels in our study, as well as findings in the literature, make its effectiveness against respiratory pathogens doubtful. Similarly, chloramphenicol, another inexpensive, widely used antibiotic, was shown to have low activity against H. influenzae. 5, 6 Our data agree with the recommendation to use this agent in sub-Saharan Africa only if appropriate susceptibility results are available. 6 Our study showed low tetracycline activity against S. pneumoniae in Kenya (the only country that tested this agent), similar to findings in a meta-analysis of three decades of published studies. 5 In contrast, a recent systematic review found tetracycline resistance to be high in West Africa, but less so in East Africa. 6 Interestingly, tetracycline resistance may be due in part to environmental contamination with this agent, as it is widely used in agriculture. 5 Similar to a review of macrolide susceptibility in sub-Saharan Africa, 14 the current study found generally good activity of macrolides against S. pneumoniae, with the notable exception of isolates from Kenya. For H. influenzae, on the other hand, the current study found higher macrolide activity compared with 70% susceptibility reported in the macrolide review, 14 although sample sizes were small in both studies. Interestingly, in the macrolide review, isolates from younger children tended to be more susceptible, 14 while in the current study macrolide susceptibility estimates were very similar in children and adults.
Comparisons between studies are often difficult because different breakpoints are used or the MIC interpretive criteria are not even reported. 6 This is especially pertinent for S. pneumoniae. Not only do the penicillin breakpoints for S. pneumoniae differ between CLSI and EUCAST, but the CLSI guidelines themselves include three separate breakpoints for oral, parenteral (nonmeningitis) and parenteral (meningitis) penicillin, with studies frequently not specifying which were used. Different breakpoints can result in dramatically diverging susceptibility estimates, a problem clearly illustrated in the current study by widely varying susceptibility results for cefaclor, ofloxacin and cefuroxime based on CLSI, PK/PD and EUCAST breakpoints. For assessing comparability between studies it is crucial that future studies clearly identify which breakpoints were used. Furthermore, MIC interpretive criteria should be better aligned, avoiding different breakpoints altogether and thus avoiding confusion among healthcare providers making therapy decisions and among microbiologists trying to compare results from different geographical regions and time periods.
The main limitations of this study stem from small sample sizes and the attempt to draw conclusions about antimicrobial susceptibility levels in the country using data from mainly one hospital site. However, despite these limitations, patterns emerged that can be useful for clinicians in selecting empirical therapy for CAP. Some of these patterns were not unexpected considering other publications, such as the high resistance levels to trimethoprim/sulfamethoxazole found across all four participating countries. Others were surprising, such as the high macrolide resistance of S. pneumoniae isolates from Kenya. These results highlight the importance of ensuring access to antimicrobial agents beyond the inexpensive first-level drugs that are widely used in Africa, as well as the need for continued monitoring of antimicrobial resistance at the country and even the local level.
